Abstract-In optical, magnetic recording and FrequencyHopping communication with narrow band interference, white Gaussian noise and random erasures are existing all at once. We call this mixed channel. To analyze performance of low density parity-check (LDPC) codes over mixed channel, the stability condition for LDPC codes over it is proposed, from which we can draw a conclusion that a good degree sequence of LDPC codes over Gaussian channel is not optimized over mixed channel. It can also be supported by simulation. To search good degree sequences over mixed channel, the random particle swarm optimization and simulated annealing algorithm are combined to find some capacity-approaching degree sequences in different erasure probabilities. Some high-threshold degree sequences are showed. The threshold of signal-to-noise ratio can increase 1.6159dB than that of the classical degree sequences evaluated by Gaussian approximation over mixed channel.
I. INTRODUCTION
The Low Density Parity-Check (LDPC) codes have been applied in many areas because they perform at rates extremely close to the Shannon capacity [1] - [5] . To design good LDPC codes, the optimized degree sequences which have high thresholds over specific channel are necessary. Besides, they should meet the demand of the stability condition [5] . There is a threshold effect that if the Signal-Noise Ratio (SNR) is less than the threshold  , the error-bit rate can be less than any number of  .
Many theories about designing degree sequence over different channels have been proposed. Reference [5] analyzed the stability condition over Gaussian channel and found several high-threshold degree sequences, which were very classical and widely applied in many applications. Reference [6] , [7] gone into the capacity achieving LDPC codes over the Binary Erasure Channel (BEC), and established a stronger result on asymptotic optimality of some of the proposed sequences. However, the model of mixed channel with random erasures didn't attract attention. As can be seen in Fig. 1 , we call this model mixed channel. x is the message source. The LDPC encoded message c is corrupted by Gaussian noise n and random erasures with a probability of (0) e . This channel represents a common situation in magnetic recording where thermal asperities are detected and represented at the decoder as erasures. Besides, in optical recording, defects and scratches may cause a lot of bytes to be erased. In communication with narrow band interference, many bits are regard as erasures because of the strong interference blocking. Owing to the random erasures, the performance of LDPC codes becomes poor. The degree sequences and related theories over mixed channel with erasures have not been proposed, while many optimized degree sequences over Gaussian channel are applied in mixed channel. Reference [8] - [11] applied the LDPC codes in magnetic and optical recording, and got superior performance in long codes. Reference [12] studied the application of LDPC codes in FrequencyHopping communication with narrow band interference. These channel environments can be regarded as mixed channel. As a result, it is necessary to study optimized degree sequences over mixed channel. In addition, there is no strict scheme to find good degree sequences, and people always use complex numerical search procedure [5] , [13] . We proposed a method to search good degree sequence.
This article deduces the theory of stability condition over mixed channel, which concludes that well-designed degree sequences with high threshold over Gaussian channel are not always good over mixed channel. We also compare the thresholds of two degree sequences in different erasure probabilities by Gaussian approximation over mixed channel. The result of the comparison supports our conclusion. Besides, a way to find optimized degree sequences effectively is proposed. Finally, some high-threshold degree sequences in different erasure probabilities are shown which perform much better than those optimized over Gaussian channel.
II. GAUSSIAN APPROXIMATION FOR IRREGULAR LDPC CODES OVER MIXED CHANNEL
Reference [14] extended Gaussian approximation to include mixed channel. We briefly summarize the key points of it to help readers understand the following works.
The probability density function of a variable-node message at the k th iteration simplified as:
where () () k gv is the continuous part of the probability density of a variable node，and ( ) (
In order to describe the irregular LDPC codes, let
be the degree for the variable and check edges. i Considering at least one of the variable node messages connected to a check node is erased, the probability of () k  can be expressed as:
where () c p d s  is the probability that the edge belongs to a degree s check node, and (
vu is the message of a variable(check) node emitting through the j th edge. The updated mean is determined from the following relation (5).
where ()  has been defined in [15] . As a result, we can express the updated mean value as:
The expression of
where
is the probability that the edge connected to a degree-j variable node.
Thus, if the SNR increases to infinity, the probability density of a variable node message changes to
The continuous part in (1) Finally, the mean recursive equation (6) becomes
With the parameter k becoming infinity, the term  which is decided by the initial value In this article, we use this as the tool to judge whether the degree sequence is optimized over mixed channel.
III. THE STABILITY CONDITION FOR MIXED CHANNEL
For irregular LDPC codes, when the variable message probability density meets the requirement of symmetry 00 ( ) ( ) For mixed channel, the initial probability density of the variable node message can be defined as: 
Thus, we conclude the stability condition for mixed channel: 
The stability condition for Gaussian channel: As a result, it can be concluded that well-designed degree sequences with high threshold over Gaussian channel are not always good over mixed channel, especially at high erasure probability, and the following simulation proves our conclusion.
We use Gaussian approximation over mixed channel to calculate the Eb/No from capacity of the following two degree sequences (17) (18) at different erasure probability.
Degree sequence A: 
As we can see from the Fig. 2 , though degree sequence B performs well in Gaussian channel, its performance gradually becomes worse than sequence A with the increasing of erasure probability. This phenomenon confirms the conclusion below. So finding degree sequences that perform well in specific erasure probability is necessary. 
IV. DESIGN OF THE DEGREE SEQUENCE OVER MIXED CHANNEL
The Random Particle Swarm Optimization (RPSO) can guarantee the result converging to the optimal solution by regenerating the stopping-evolution particles randomly [16] , [17] . In order to find a good way to optimize degree sequence over mixed channel, we combine the RPSO and Simulated Annealing (SA) [18] , [19] to get high threshold of degree sequence.
A. RPSO
We summarize the RPSO as follows:
where i is the number of the particle, t is the time of evolution, t i V is the speed of the particle,
x is the position of the particle, besides, it is the potential result the equation. i p is the best position that the i th particle has gone through. (19) (20) at the same time.
The procedure of position updating is as follows:
where f ( )is the minimized object function, also known as fitness, and in this article it is based on Gaussian approximation for Gaussian channel and mixed channel. S is the set of all particles.
For the sake of improving the probability of the j th particle tending to the optimal solution, we use the SA algorithm with better capacity of escaping from the local extremums to generate the new position.
B. SA
The SA algorithm in this article can be described as follows:
Step1 
accepting k xx  at the probability exp( )
Step3:
is the annealing coefficient. If it satisfies the stop condition, then exit the loop and outputting the new solution, else turning to step 2.
Considering the characteristic of the degree of sequence 01   , we set 0.1
 
in the simulation.
V. RESULTS AND DISCUSSION
The object function can be described as: where R is the code rate of LDPC codes.
A conclusion can be drawn from [5] , and the degree distribution of check nodes has little effect on the threshold, and always clusters together. Thus, we adopt the form of two non-zero term.
Combined with the related constraint (25) (26), if given R and degree distribution of variable nodes, we can determine () x  , which change the object function (24) into min ( ) f  . In other words, we only need to find optimal  given R. So the dimension of solution space can be reduced to 1 v nd  , which improves the convergent rate.
VI. SIMULATION RESULTS
The parameters of the simulation are as follows: initial temperature: 0 1000 T  , annealing coefficient: 0.95 C  , the number of particles: 20 s  , the coefficient of acceleration: 12 2 cc  , upper bound of iteration times:
, the code rate: R=0.5. We present the optimal results in different erasure probabilities in Table I, II, III, IV and compare their thresholds  with the threshold *  of classical degree sequences in [5] . As can be seen from the comparison, the optimal degree sequences have higher thresholds over mixed channel and the improvement of performance in the form of () SNR dB  is exciting. We also apply the optimal degree sequence in Table IV with the max degree 6 and degree sequence in [5] in LDPC codes made by Progressive Edge-Growth (PEG) and compare the performance between them over mixed channel with 40% erasure probability which can been seen in Fig. 3 . The performance improvement of proposed degree sequence in error-bit rate is obvious. The mixed channel exists in optical, magnetic recording and Frequency-Hopping communication with narrow band interrupts, which leads much performance loss. We analyze the characteristic and the stability condition of this channel, and conclude that a good degree sequence of LDPC codes over Gaussian channel is not optimized over mixed channels. As a result, designing optimal degree sequence over mixed channel is necessary.
We combine the RPSO and SA with the related constraints of LDPC codes, and use this as a tool to find high-threshold degree sequences calculated by Gaussian approximation over mixed channel. Many goodperformance degree sequences are given, which perform better over mixed channel than classical degree sequences.
